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(1) An optical disk apparatus capable of setting an 
optimum power, recording a signal by irradiating a laser 
beam onto a recording medium, comprising: 

means for recording a signal on an assessment track 
while gradually changing a recording power of the laser 
beam; 

reproduction signal quality determination means for 
determining quality of the recorded signal; 

means for determining a lowest power in a recording 
power range that the recorded signal can be determined to 
be "good" by the reproduction signal quality determination 
means ; and 

means for adding a predetermined power to the lowest 
power so as to set an optimum power. 
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Specification 
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1 . Title of the Invention 

Optical disk device that can set optimum power 

2 . Claims 

(1) Optical disk device that can set optimum power that in a device 
that records signals by irradiating laser light on a recording medium, 
it has 

a means that first records a signal on an evaluation track while 
gradually varying the recording power of the abovementioned laser light, 
a reproduction signal quality discriminating means that discriminates 
whether the abovementioned recorded signal is good or bad, a means that 
sets the lowest minimum power within the range of recording power in 
which the abovementioned recording signal can be discriminated as good 
by the abovementioned reproduction signal quality discriminating means, 
and a means that finds the optimum power by adding a set power to the 
abovementioned minimum power. 

(2) Optical disk device that can set optimum power described in 
Claim 1 that in a device that records signals by irradiating laser light 
on a recording medium at the two levels of bias power and peak power, it 
has 

a means that first fixes the abovementioned bias power and 
furthermore records a signal while gradually varying the abovementioned 
peak power, a reproduction signal quality discriminating means that 

♦Numbers in the margin indicate pagination in the foreign text. 
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discriminates whether or not the abovementioned recorded signal is 
usable, a means that sets the lowest peak power within the range of 
recording power in which the abovementioned recording signal can be 
discriminated as usable by the abovementioned reproduction signal 
quality discriminating means as the minimum peak power, a means that 
next fixes the abovementioned peak power and furthermore records a 
signal while gradually varying the abovementioned bias power, the 
abovementioned reproduction signal quality discriminating means that 
discriminates whether or not the abovementioned recorded signal is 
usable, a means that sets the lowest bias power within the range of 
recording power in which the abovementioned recording signal can be 
discriminated as usable by the abovementioned reproduction signal 
quality discriminating means as the minimum bias power, and a means that 
finds the optimum power by adding a set power to both of the 
abovementioned minimum powers. 

(3) Optical disk device that can set optimum power described in 
Claim 1 or 2 that has a bit error discriminating means as the 
reproduction signal quality discriminating means. 

(4) Optical disk device that can set optimum power described in 
Claim 1, 2, or 3 that as the reproduction signal quality discriminating 
means, has a comparison voltage generating means that has a reference 
voltage and a comparison voltage (s) that is higher and/or lower than 
the abovementioned reference voltage, a comparator means that compares 
the reproduction signal to the abovementioned comparison voltage and 
makes it binary, and a means that discriminates bit error in the 
abovementioned binary signal. 



(5) Optical disk device that can set optimum power described in 
Claim 1, 2, or 3 that as the reproduction signal quality discriminating 
means, has a comparator means for making the reproduction signal binary, 
a phased lock loop (PLL) means that has a reference frequency and a 
higher frequency than the abovementioned reference frequency and/or a 
lower frequency than the abovementioned reference frequency, a means 
that extracts the data of the abovementioned binary signal based on the 
higher frequency and/or lower frequency than the abovementioned 
reference, and a means that discriminates bit error in the 
abovementioned data. 

(6) Optical disk device that can set optimum power described in 
Claim 1 or 2 that uses a reproduction signal amplitude discriminating 
means as the reproduction signal quality discriminating means, and has 
a means that sets the minimum permissible power for reproduction signal 
amplitude obtained by the abovementioned reproduction signal amplitude 
discriminating means as the minimum power, and a means that finds the 
optimum power by adding a set power to the abovementioned minimum power. 

(7) Optical disk device that can set optimum power that in a method 
that records and/or erases signals by irradiating laser light on a 
recording medium, 

the optimum power for the abovementioned recording and/or erasing 
is set when power is turned on, or when the recording ' medium is 
replaced, or when the user finds that recorded data is bad, or after a 
set time has elapsed since optimum power was last corrected, or after 
the temperature has risen to a set level or greater, or after the device 
has been subjected to vibration or shock of a set level or greater. 



3. Detailed Explanation of the Invention 

(Industrial Field of Application) 

This invention pertains to a device that irradiates minutely- 
constricted laser light on a recording medium and records information 
optically. 

(Prior Art) 

Optical disk devices are known as devices that irradiate laser 
light on a disk- shaped recording medium and can record digital data or 
image signals. In the optical disk devices described above, the peak 
power irradiated on the disk is greatly affected by the quality of the 
recorded signal, and it is important to have a method for recording on 
the disk at optimum peak power. A prior art example of the 
abovementioned method is described in Japan Koho Patent No. 63-25408. As 
described in the Specifications, the method of this prior art example is 
a signal recording method in which, in a method that records information 
signals by irradiating recording light on a recording medium, a signal 
first is recorded while varying the intensity (peak power) of the 
recording light, this recorded signal is reproduced to set the optimum 
level of the abovementioned recording light intensity that produces the 
best reproduction signal, then the signal is recorded while controlling 
the abovementioned recording light intensity to this optimum level. 
Because in general optical disk media, the reproduction signal is best 
when it oscillates at the greatest amplitude, best reproduction signal 
status is defined as great reproduction signal amplitude. Therefore, 
even in the working examples of the abovementioned prior art example, 
the optimum light intensity (optimum peak power) is set by detecting 




where the amplitude (P-P value) of the reproduction signal is greatest. 
(Problems that the Invention is to Solve) 

However, the prior art method has the problem that because it takes 
the peak power that produces the best reproduction signal status as the 
optimum peak power, the abovementioned optimum peak power is not the 
optimum peak power for the optical disk device. 

Figure 8 (a) shows peak power characteristics of a general optical 
disk, and Figure 8(b) shows the status of recording marks on the 
recording medium obtained at each peak power. In Figure 8(a), the 
horizontal axis shows peak power, and the vertical axis shows amplitude 
or S/N. In Figure 8(b), (31), (32), and (33) show recording marks at 
each peak power, and the arrow shows the track direction. At peak power 
from 0 to PI, power is still insufficient, adequate recording marks are 
not formed, and reproduction signal amplitude is inadequate. From P2, 
adequate recording marks as a reproduction signal start to be formed. As 
peak power increases from PI to P2, recording marks also become larger 
and the reproduction signal increases. However, at greater than P2, / 
recording marks have greater than 50% duty and the reproduction signal 
conversely begins to be reduced due to insufficient resolution. 
Furthermore, when peak power increases and becomes greater than P3, the 
recording medium now starts to break down and reproduction amplitude 
falls rapidly. Therefore, P2 is given as the peak power that produces 
the best reproduction signal (great reproduction signal amplitude in the 
working examples of the prior art example, or best S/N quality of ,the 
reproduction signal) . The peak power characteristics described above 
differ depending on the type of recording medium as shown by (34) , (35) , 
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and (36) in Figure 9, and there are recording media such as recording 
medium (34) in which the abovementioned peak power level P2 that 
produces the maximum (best) reproduction signal is close to PI, 
recording medium (35) in which this conversely is close to P3 , and 
recording medium (36) in which this is in the middle. The two axes in 
Figure 9 are the same as the two axes in Figure 8 (a) . In addition, as 
"optimum power of the optical disk device," because peak power on the 
disk is subject to substantial fluctuation when any sort of error in 
actual data recording status occurs (such as servo error due to 
vibration or shock, peak power discrepancy due to temperature change, or 
adhesion of dirt to the disk or lens) , peak power P4 that is slightly 
higher than the center of the power range that does not impede recording 
and reproduction (for example, in the peak power characteristics in 
Figure 9, the range from Pa to Pc) is taken as the optimum peak power 
for the optical disk device. The reason for selecting a slightly higher 
power is because peak power often is substantially reduced when the 
abovementioned errors occur. X in Figure 9 is called margin power, and 
the abovementioned margin power is the permissible amount of the 
abovementioned power reduction before an error occurs. 

As described above, the peak power that produces the best 
reproduction signal status for the optical disk (recording medium) (in 
Figure 9, P34, P35, and P36) is not always optimum peak power P4 for the 
optical disk device, and it is difficult to find the optimum peak power 
for the optical disk device by the prior art example that sets peak 
power by finding the best reproduction signal status. 

Furthermore, 'the method of the prior art example cannot be applied 
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to an overwritable optical disk device. Figure 10 is a diagram that 
shows the irradiation method used to overwrite a phase-change material. 

In Figure 10, (a) [sic] shows the optical modulation waveform, (b) 
[sic] shows the recording track before overwriting, (c) [sic] shows the 
recording track after overwriting, (40) [sic] indicates bias power, (41) 
[sic] indicates peak power, (42) [sic] indicates crystal state, and (43) 
[sic] indicates amorphous state. "Phase-change material" is a material 
in which signals can be overwritten by using the difference in optical 
reflection between amorphous state and crystal state. Here, "overwriting" 
means that a new signal can be recorded over signals recorded in the 
past without erasing these. As shown in Figure 10, both amorphous and 
crystal states are obtained by optical modulation between two levels of 
laser power, peak power and bias power. That is, regardless of which 
state the recording track is in before overwriting, places irradiated at 
peak power can be made amorphous state and places irradiated at bias 
power can be made crystal state, and a new signal can be overwritten in 
this way. 

Even in an overwritable device such as described above, the optimum 
bias power and peak power must be set. However, the two levels of power 
required for overwriting cannot be set in the prior art example. 

The purpose of this invention is to offer a device that solves the 
problems described above . 
(Means of Solving the Problems) 

To solve the problems described above, this invention has a start 
circuit that starts the optimum power setting operation, a means that 
after being commanded by the abovementioned start circuit, first fixes 
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the abovementioned bias power and furthermore records a signal while 
gradually varying the abovementioned peak power, a reproduction signal 
quality discriminating means that discriminates whether or not the 
abovementioned recorded signal is usable, a means that sets the lowest 
peak power within the range of recording power in which the 
abovementioned recording signal can be discriminated as usable by the 
abovementioned reproduction signal quality discriminating means as the 
minimum power, a means that next fixes the abovementioned peak power and 
furthermore records a signal while gradually varying the abovementioned 
bias power, the abovementioned reproduction signal quality 
discriminating means that discriminates whether or not the above- 
mentioned recorded signal is usable, a means that sets the lowest bias 
power within the range of recording power in which the abovementioned 
recording signal can be discriminated as usable by the abovementioned / 
reproduction signal quality discriminating means as the minimum bias 
power, and a means that finds the optimum power by adding a set power to 
both of the abovementioned optimum powers, and user signals are 
overwritten at the abovementioned optimum power. 

In addition, this invention uses a bit error discriminating means 
as the reproduction signal quality discriminating means, and sets the 
lowest of the two abovementioned powers within the power range that can 
allow bit error by the abovementioned bit error discriminating means as 
the two minimum powers, then finds the optimum power by adding a set 
power to both of the abovementioned minimum powers and overwrites user 
signals . 

Furthermore,' this invention performs the optimum power finding 
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operation described above when power is turned on, or when the recording 
medium is replaced, or when the user finds that recorded data is bad, or 
after a set time has elapsed since optimum power was last corrected, or 
after the temperature has risen to a set level or greater, or after the 
device is subjected to vibration or shock of a set level or greater. 
(Operation) 

By the constitution described above, this invention can find the 
optimum peak power for the optical disk device leaving a margin before 
peak power produces a bad reproduction signal regardless of the type of 
recording medium and even when peak power fluctuates during actual use. 
In addition, this invention can set the optimum peak power between the 
optical disk device and the optical disk (recording medium) at the point 
when the user actually seeks to use it. 
(Working Examples) 

Figure 1 is a block diagram that shows the first working example of 
an optical disk device of this invention for finding optimum peak power. 

In Figure 1, (1) is an photodetector that detects a reproduction 
signal from an optical disk, (2) is an amplifier that amplifies the 
abovementioned reproduction signal, (3) is a demodulator that 
demodulates the data of the abovementioned reproduction signal and the 
address installed on the disk, (4) is an unrecorded parts detector that 
detects the presence or absence of a reproduction signal; (5) is a 
search circuit that searches for the intended track, (6) is a 
reproduction signal quality discriminating circuit, (7) is a modulator 
that modulates data from the drive control circuit described below, (8) 
is a recording gate generating circuit, (9) is a laser power control 




circuit for recording and/or erasing signals, and (10) is a DA (digital- 
analog) convertor that sets the laser power level of the laser power 
control circuit by converting to analog the laser power level outputted 
by drive control circuit (11) comprised of a microcomputer. In addition, 
drive control circuit (11) is connected to demodulator (3) , unrecorded 
parts detector (4) , search circuit (5) , reproduction signal quality 
discriminating circuit (6) , modulator (7) , and recording gate generating 
circuit (8), and gives commands to each of these circuits. For example, 
signal recording is performed by modulating data created by the drive 
control circuit to a recording signal by modulator (7) , recording this 
by DA convertor (10) , applying bias power, and commanding recording gate 
generating circuit (8) to open a recording gate. (19) is a start circuit 
that commands starting the operation to find optimum peak power using 
these circuits. The operation of the block diagram described above will 
be explained using the flowchart in Figure 2 . 

Upon command from start circuit (19) , drive control circuit (11) 
starts the optimum power finding operation. First, drive control circuit 
(9) [sic; (11)] commands search circuit (5) to search for an evaluation 
track. An "evaluation track" is a track for evaluating recording status, 
and is, for example, a track not in a user region. The reproduction 
signal from the evaluation track is conducted from photodetector (1) 
through amplifier (2) to unrecorded parts detector (4) and demodulator 
(3) . Unrecorded parts detector (4) detects whether or not there already 
is a recorded signal in the evaluation track, and if there is no signal, 
substitutes 0 in number repetitions register N within the drive control 
circuit. If there' is a recorded signal already, the recorded signal is 
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demodulated by demodulator (3), the number of times (repetitions) this 
evaluation track has been used before now is read from the recording 
signal, and this number is substituted in number repetitions register N. 
If the abovementioned number of repetitions is Nmax-10 or greater, 
another evaluation track is searched by search circuit (5) . Here, "Nmax" 
is the maximum number of times the abovementioned evaluation track can 
be recorded, and this is set as Nmax-10 from the consideration that the 
same evaluation track may be recorded repeatedly approximately 10 times / 
thereafter until optimum peak power and optimum bias power are set. The 
number 10 is variable. 

If the abovementioned newly searched other evaluation track is the 
final evaluation track, error 1 is established, the user is notified, 
and this optimum powering setting operation is ended. If the 
abovementioned other evaluation track is not the final evaluation track, 
whether or not there are data on the abovementioned evaluation track is 
rechecked and the number of repetitions is read. If the abovementioned 
number of repetitions is less than Nmax-10, reference peak power Pr set 
during design is set in peak power setting register P within the drive 
control circuit, and reference bias power Br set during design is set in 
bias power setting register B. Next, by substituting N + 1 in number 
repetitions register N, the abovementioned N data are recorded on the 
evaluation track at both of the abovementioned powers. The recording 
signal recorded at both of the abovementioned powers is evaluated in 
reproduction signal quality discriminating circuit (6) , and if it is 
evaluated that it is no good (does not pass) as a reproduction signal, 
error 2 is notified to the user and this optimum powering setting 
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operation is ended. If it is evaluated as good (passes) , optimum peak 
power is set first. The optimum peak power setting means is described 
below: Power is reduced exactly dX from the power set currently and set 
in peak power setting register P, and the abovementioned data are 
recorded by substituting data N + 1 in the number repetitions register. 
These data are evaluated by reproduction signal quality discriminating 
circuit (6) , and if good, peak power is lowered by dX again. Peak power 
continues to be lowered until it is evaluated by reproduction signal 
quality discriminating circuit (6) as no good (does not pass) . As soon 
as it is first evaluated by reproduction signal quality discriminating 
circuit (6) as no good (does not pass) , the power obtained by adding dX 
to the value of peak power setting register P at this time becomes the 
minimum peak power at which data can be recorded accurately. When the 
abovementioned margin power X (see Figure 9) is weighted onto the 
abovementioned minimum peak power, this power Ps (Ps = P + dX + X) 
becomes the optimum peak power for the optical disk device. 

In addition, optimum bias power is set by a similar means: Power is 
reduced exactly dY from the power set currently and set in bias power 
setting register B, and the abovementioned data are recorded by 
substituting data N + 1 in the number repetitions register. These data 
are evaluated by reproduction signal quality discriminating circuit (6) , 
and if good, bias power is lowered by dY again. Bias power continues to 
be lowered until it is evaluated by reproduction signal quality 
discriminating circuit (6) as no good (does not pass) . As soon as it, is 
first evaluated by reproduction signal quality discriminating circuit 
(6) as no good (does not pass) , the power obtained by adding dY to the 
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value of bias power setting register B at this time becomes the minimum 
bias power at which data can be recorded accurately. When margin power 
Y is weighted onto the abovementioned minimum bias power, this power Bs 
(Bs = B + dY + Y) becomes the optimum bias power for the optical disk 
device . 

Next, details are described regarding the margin power X and Y 
calculated for the two minimum powers . This margin power is a power set 
such that even if peak power fluctuates substantially due to some sort 
of error in use status occurring after setting the abovementioned 
optimum power, this does not cause bias power to fluctuate; that is, the 
reproduction signal to become no good. The power selected for the 
abovementioned margin power X and Y is roughly one half or more of the 
maximum and minimum power range in which the reproduction signal is 
passed by reproduction signal quality discriminating circuit (6) (see 
Figure. 9). This is made one half or more because it is considered that 
the main causes of power fluctuation are dirt and servo error, and both 
of these are more likely to reduce power than increase it. In addition, 
this margin power can be modified before the user actually records. For 
example, if the amount of margin power is modified when a certain time 
elapses after this optimum power setting operation before the user 
actually records or temperature change or a disturbance such as 
vibration or shock is detected, margin power reliability is' increased. 

To summarize this invention as described above, one of peak power 
or bias power is fixed and the other is reduced gradually (by dX or.dY) 
from higher power, the lowest minimum power at which the recording 
signal is passed by reproduction signal quality discriminating circuit 
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(6) is found, and the power obtained by adding a margin power (X or Y) 
to the abovementioned minimum power becomes the optimum peak power or 
optimum bias power. 

That is, the "optimum peak power" and "optimum bias power" of this 
invention are the optimum power for the optical disk device, and the 
"optimum power for the optical disk device" does not indicate the power 
that produces the optimum reproduction signal, but a peak power and bias 
power that have a margin power on the low power side and high power side 
even against some degree of error (substantial fluctuation in recording 
or erasing power) that causes reproduction to become no good. 

A method for setting both optimum powers of peak power and bias 
power was described above, but for disks such as write-once type disks 
that record without using bias power, peak power only can be set by the 
method of this invention. 

As conditions for start circuit (19) to start the operation of 
finding the abovementioned optimum power, the following are considered: 
When the power source of the optical disk device is turned on, and/or 
when the disk is replaced, and/or when the user finds that an error has 
occurred that makes reproduction of the recorded signal no good. 

These try to correct optimum power between the optical disk device 
and the optical disk used now because of fluctuation (discrepancy) in 
performance between the optical disk device and the optical disk. In 
addition, besides as described above, cases may be considered such as 
having start circuit (19) house a timer and starting after a certain 
time has elapsed, or housing a temperature sensor and starting when the 
temperature has risen to a set level or greater, or housing a vibration 



and shock sensor and starting when the device is subjected to vibration 
or shock of a set level or greater. These try to correct optimum power 
for performance during use because the performance of the optical disk 
device has changed due to change in the environment (such as 
temperature, vibration or shock, or dirt) during use of the optical disk 
device. All of these correct optimum power when the user is not writing 
data . 

Figure 3 is a flowchart that illustrates another working example of 
this invention. The structure of the circuit block used is the same as 
in Figure 1, but the software within drive control circuit (11) is 
different. Because the operation from starting until an evaluation track 
is found in Figure 3 is the same as in Figure 2, this part is not 
explained again. However, the reason for setting the maximum number of 
repetitions as Nmax-2 is because the same evaluation track is used twice 
thereafter before finding the optimum power. This number is variable. 

Generally, optical disks that can record data have a sector 
structure and the evaluation track is also comprised of several sectors. 
Therefore, data are recorded by varying each power for each sector. For 
example, peak power and bias power for each sector are set as follows: 
Peak power PO for sector 0 is set as the aboyementioned reference peak 
power Pr set during design, and at the same time, bias power BO is set 
as reference bias power Br set during design. To set power PI and Bl for 
sector 1, incremental power dX and dY are subtracted from the 
abovementioned Pr and Br. To set power P2 and B2 for sector 2, twice ,the 
abovementioned incremental power dX and twice dY are subtracted from the 
abovementioned Pr'and Br. Similarly, to set power Pm and Pm for sector 



m, each sector is recorded by subtracting m-times incremental power dX 
and m-times dY from the abovementioned P.r and Br. 

The signals on all of the abovementioned recorded sectors are 
evaluated by reproduction signal quality discriminating circuit (6), and 
if the reproduction signal from sector k is good (passes) , Pr - k»dX and 
Br - k»dY become the minimum peak power and minimum bias power, and the 
abovementioned margin power X and Y added to each of the abovementioned 
minimum powers, P = Pr - k«dX + X and B = Br + k»dY + Y, become the 
optimum peak power and optimum bias power. 

Here, if signals recorded on all sectors while gradually varying 
power are all judged no good (do not pass) by reproduction signal 
quality discriminating circuit (6) , this is notified to the user as 
error 2 and this optimum powering setting operation is ended. 

As the method of this invention described above for finding the 
optimum power for the optical disk device, in both of the two methods 
described above, the optimum peak power and optimum bias power for the 
optical disk device are set after first finding the usable minimum peak / 
power and/or minimum bias power by reproduction signal quality 
discriminating circuit (6) . 

Figure 4 is a diagram that illustrates operating principles when a 
bit error discriminating circuit is used as reproduction signal quality 
discriminating circuit (6) , and shows bit error rate (hereinafter 
abbreviated BER) characteristics for peak power. The horizontal axis 
shows peak power and the vertical axis shows BER. As peak power is 
raised gradually from low power, BER improves (BER becomes lower) . The 
permissible BER- -for example, when BER is a multiple of four or less of 
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ten- -is detected, and reproduction signal quality discriminating circuit 
(6) notifies the drive control circuit that the reproduction signal is 
good (passes) starting from this point. Therefore, the peak power at 
this time becomes the minimum power. When the reproduction signal is 
evaluated as good or bad by BER in this way, BER for peak power varies 
greatly near the minimum power, and the minimum peak power can be found 
easily. Conversely, because there is little change in BER when the 
minimum power is exceeded, it is difficult to find the peak power that 
produces the best reproduction signal. 

When any sort of error described above occurs in actual use, it is 
considered that peak power substantially drops to the minimum power. 
Therefore, to increase signal reliability at the minimum power, BER at 
the minimum power is strictly measured as described below. 

Figure 5 shows another working example of reproduction signal 
quality discriminating circuit (6) used in this invention. The 
reproduction signal of the evaluation track obtained from amplifier (2) 
is inputted to terminal I, and the evaluation result of reproduction 
signal quality discriminating circuit (6) is notified to the drive 
control circuit from terminal J. Normally, the analog signal of the 
abovementioned reproduction signal is compared to comparison voltage Vt 
obtained from comparison voltage generating circuit (12) (generally one 
half the voltage of the reproduction signal amplitude) by ' comparator 
circuit (13) , made binary, and sent to bit error discriminating circuit 
(14) . However, to' increase signal reliability at the minimum power,, in 
the process of finding the abovementioned minimum power, the 
abovementioned comparison voltage is switched between two voltages Vt + 
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dVt and Vt - dVt , and the minimum power at which bit error does not 
occur even when compared to the abovementioned two voltages is taken as 
the minimum power of recording and/or bias power. By using two voltages 
with some leeway as the comparison voltages as described above, 
reproduction signal amplitude unevenness due to insufficient peak power 
or bit error caused by erasure residue due to insufficient bias power 
can be found with greater strictness, and reliability of the recording 
signal at minimum power can be improved. 

Figure 6 shows another working example for increasing signal 
reliability at the minimum power. Figure 6 shows another working example 
of reproduction signal quality discriminating circuit (6) used in this 
invention. Structural elements that are the same as Figure 5 are labeled 
by the same part numbers. From the signal made binary by the comparator, 
the reference clock is read by standard PLL (phased lock loop) circuit 
(15) . Using the abovementioned reference clock, data are extracted by 
data extracting circuit (16) , and sent to bit error discriminating 
circuit (14) . Normally, data clock frequency fc is selected for the 
abovementioned reference clock. However, to increase signal reliability 
at the minimum power, in the process of finding the abovementioned 
minimum power, the abovementioned reference clock frequency is switched 
between two frequencies fc + dfc and fc - dfc, and the minimum power at 
which bit error does not occur even when extracted at the abovementioned 
two frequencies is taken as the minimum power of recording and/or bias 
power. By using two frequencies with some leeway as the reference clock 
as described above, bit error caused by deterioration in S/N due to 
insufficient peak 'power or bias power, or put another way, reproduction 
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signal jitter (oscillation of the reproduction signal on the time axis) 
can be found with greater strictness, and reliability of the recording 
signal at minimum power can be improved. 

Figure 7 is a diagram that illustrates operating principles when a 
reproduction signal amplitude discriminating circuit is used as 
reproduction signal quality discriminating circuit (6)', and shows 
reproduction signal characteristics for peak power. The horizontal axis 
shows peak power and the vertical axis shows reproduction signal 
amplitude. As peak power is raised gradually from low power, the 
reproduction signal amplitude increases. It is detected when this 
exceeds permissible amplitude Vb, and reproduction signal quality 
discriminating circuit (6) notifies the drive control circuit that the 
reproduction signal is good (passes) starting from this point. There- 
fore, the peak power at "this time becomes the minimum power. Thus, re- 
production signal amplitude varies greatly near the minimum power, and / 
the minimum peak power can be found easily. Conversely, because there is 
little change in reproduction signal amplitude when the minimum power is 
exceeded, it is difficult to find the peak power that produces the 
greatest reproduction signal amplitude as in the prior art example. 
(Effects of the Invention) 

As has been explained above, because this invention is designed 
such that it finds the optimum power for the optical disk device after 
finding the minimum power of peak power and bias power, the optimum 
power can found easily and the optimum power can be set securely ,and 
readily. In addition, the optimum power found by this invention is the 
optimum power for the optical disk device. Therefore, even if errors 
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occur such as servo error or power fluctuation due to environmental 
change in use status, there is a margin power before the reproduction 
signal becomes no good and stability of the optical disk device is 
improved . 

Furthermore, according to this invention, because whether the 
signal is good or bad is evaluated more strictly than normal for a 
recording reproduction signal at the minimum power, signal reliability 
at the minimum power is high. Furthermore, according to this invention, 
even when there is fluctuation (discrepancy) in performance between the 
optical disk device and the optical disk (recording medium) , optimum 
power can be corrected between the optical disk device and the optical 
disk used henceforth, and even when the performance of the optical disk 
device changes due to change in the environment (such as temperature, 
vibration or shock, or dirt) , optimum power can be corrected for the 
performance at that point. As a result, this invention has the effect 
that it can offer an optical disk device that is not affected by 
discrepancies in performance and environmental change and has high 
reliability. 

4 . Brief Explanation of the Figures 

Figure 1 is a block diagram of the optical disk device that can set 
optimum power in the first working example of this invention. Figure 2 
is a flowchart that shows one working example of the optimum power 
setting method of this invention. Figure 3 is a flowchart that shows 
another working example of the optimum power setting method of this 
invention. Figure' 4 is a graph that illustrates the principles of one 
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working example of a reproduction signal quality discriminating circuit 
used in this invention. Figure 5 is a . block diagram of one working 
example of a reproduction signal quality discriminating circuit used in 
this invention. Figure 6 is a block diagram of another working example 
of a reproduction signal quality discriminating circuit used in this 
invention. Figure 7 is a graph that illustrates the principles of 
another working example of a reproduction signal quality discriminating 
circuit used in this invention. Figure 8 and Figure 9 are graphs of peak 
power characteristics that illustrate problems in prior art examples. 
Figure 10 is a diagram that illustrates principles of recording on a 
phase-change type optical disk. 

6 ... reproduction signal quality discriminating circuit, 9 
laser power setting circuit, 11 ... drive control circuit, 12 ... 
reference voltage generating circuit, 13 ... comparator circuit, 14 ... 
bit error discriminating circuit, 15 ... PLL circuit, 16 ... data 
discriminating circuit, 19 ... start circuit, 40 ... bias power, 41 
peak power 
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Figure 1 

1 : photodetector 

2 : amplifier 

3 : demodulator 

4 : unrecorded parts detector 

5 : search circuit 

6 : reproduction signal quality discriminating circuit 

7 : modulator 

8 : recording gate generating circuit 

9 : laser power control circuit 
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DA convertor 

drive control circuit 

start circuit 
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Figure 2 
a: start 

b: seek evaluation track 
c: signal? 
d : no 



yes 



read N = number repetitions 
seek another evaluation track 
final evaluation track? 
i : record data N 

j : discriminate reproduction signal quality 
k: no good (does not pass) 
1: good (passes) 
m: end 
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Figure 3 



start 

seek evaluation track 

signal? 

no 

yes 

read N = number repetitions 
seek another evaluation track 
final evaluation track? 
sector / peak power / bias power 
record data N 

discriminate reproduction signal quality- 
no good (does not pass) in all sectors 
good (passes) in sector k 
end 
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Figure 4 

[X-axis:] Minimum Peak Power / Peak Power 
[Y-axis :] Bit Error Rate (BER) 




Figure 5 

6 : reproduction signal quality discriminating circuit 
12 : reference voltage generating circuit 
13 : comparator 

14 : bit error discriminating circuit 
17: switch 

[upper left:] terminal I 
[lower right:] terminal J 
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Figure 6 

6 : reproduction signal quality discriminating circuit 
12 : reference voltage generating circuit 
comparator 

bit error discriminating circuit 
PLL circuit 

data extracting circuit 
switch 
[upper left : ] terminal I 
[lower right:] terminal J 
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15 : 

16 : 
18 : 
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Figure 7 

[X-axis:] Minimum Peak Power / Bias Power 
[Y-axis :] Reproduction Signal Amplitude 




Figure 8 

(a) [Y-axis:] Reproduction Signal Amplitude 
[PI to P3 : ] recording power 

(b) track direction 
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Figure 9 

[Y-axis:] Reproduction Signal Amplitude 
[P34 to P36:] recording power 
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Figure 10 
41: peak power 
bias power 
crystal 
amorphous 
Laser Power 
before overwriting 
after overwriting 
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